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The concept of
reversed — or, as I
prefer to call it,
reverse — genetics
was first formulated
by Charles
Weissmann in 1978
(Trends Biochem Sci
1978, 3:N109). In this
form of genetics, a
nucleic acid was
modified at a
predetermined position in vitro, and
the phenotypic effects of this
mutation were then assayed either in
vitro or in vivo. In contrast, the
classical form of genetics relies on
first finding a mutation by screening
for phenotypic changes and then
identifying the gene carrying the
mutation. In other words, forward
genetics goes from phenotype to
genotype, while reverse genetics
goes the other way, from genotype
to phenotype.
Charles Weissmann was the first
practitioner of reverse genetics,
implementing site-directed
mutagenesis with the genome of Qβ,
a small RNA phage (J Mol Biol 1974,
89:255). Mutations in the phage were
made by incorporating modified
bases at selected positions during in
vitro synthesis of minus strands. The
plus strands were copied in vitro and
then either studied directly or
introduced into spheroplasts, and the
resulting mutant phages were
recovered for further studies. 
All of this took place in the years
BC (Before Cloning) and when these
and related ideas were discussed at a
meeting in 1978 in the early AD
(After DNA) days, most of the
promise of the new DNA technology
was still a dream. Interested readers,
and certainly historians of the
modern era of molecular biology,
might consult the book reporting
that meeting (Human Genetics:
Possibilities and Realities, Ciba
Foundation Symposium 66, Excerpta
Medica, 1979) if only to savour how
the dreams of 20 years ago have all
become part of everyday practice.
That is why, with the exception of a
few diehard geneticists, most people
now believe that reverse genetics is
the normal way of going about
discovering the functions of genes.
Creating transgenic mice by
knocking out specific genes is a
classical (if one may use the term)
example of the application of
reverse genetics.
Some time ago, I began to use the
term inverse genetics to explain to
audiences how we may use
information recovered from different
genomes to inform ourselves on
function. In particular, I wanted to
show how we can use time to help us
in this quest. In both forward and
reverse genetics singular changes
made in one gene are assayed for
phenotypic effects. Thus we study
and compare two genomes, the wild
type and the mutation, looking at a
few differences embedded in a vast
sea of constancy. In inverse genetics,
we do the opposite, we look at what
is conserved, that is kept constant, in
a vast sea of randomness.
The best way to understand this,
is to imagine that we have two
human (or mouse) lineages that
separated from each other at some
time in the past, never to exchange
genetic material again. The further
back the separation, the greater the
extent to which nature would have
randomized inessential sequences by
mutation. It is necessary to go back
as far as possible or else the
constancy we will be looking for will
be masked by that of common origin;
what we are looking for is the
preservation of those parts of the
sequence required for the phenotype
common to both lineages.
Unfortunately, the two lineages
are not available in the form
discussed above, but we do have a
good approximation to it. The
lineages of teleost fish and
mammals separated about 500
million years ago, and although fish
and people do not look the same,
they have many common
physiological systems and
anatomical features. Thus, for these
phenotypes the methods of inverse
genetics will be directly applicable.
In addition, we can move segments
of the genomes between the two
lineages and this enables us to test
whether fish genes work correctly in
mice, that is, whether they give the
same phenotype as the
corresponding mouse genes. 
Older readers will recognise that
this experiment is like a cross
between fish and mice and, indeed,
in the limit we could study
recombinants in which the fish gene
has been substituted for the mouse
gene. Inverse genetics may also allow
us to discover what changes have
taken place in the genomes to
account for the differences between
the two lineages. Note that as in
forward and reverse genetics, we do
experiments on genomes, with the
difference being that, in the case of
inverse genetics, evolution and time
have done most of the work for us.
We already have extremely long-
term support for our research.
Some of my readers may be
surprised by the seriousness of this
piece. For them I point out that
there may be a third form of
genetics, perhaps called perverse
genetics in which everything is done
by sequencing and computers,
without any recourse to biology. I
remember that years ago, when
people were searching for good
models to study developmental
biology, I classified animals into
three classes: vertebrates,
invertebrates and pervertebrates; the
latter included unlikely metazoans,
such as slime moulds.
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